We performed a retrospective cohort study to analyze all 87 CAD patients with MGUS and 178 CAD patients without MGUS admitted in Zhongshan Hospital Fudan University from 2015 to 2017. Patients were followed up via regular patient visits or telephone, and the median follow-up period was 2.9 years. The end point of follow-up was the occurrence of major adverse cardiac events (MACE). CAD patients with MGUS had a higher risk of MACE than those without MGUS (log-rank P = 0.0015). After adjustment for other markers in the stepwise Cox regression model, MGUS was still related to the increasing risk of MACE incident (P = 0.002, HR = 2.308). Then, we constructed the nomogram based on the Cox regression model, and the concordance index (C-index) was 0.667. Hence, MGUS might be added into the risk model of CAD.
Introduction
Plasma cell disorders, also called monoclonal gammopathy, are verified to be premalignant and malignant disorders characterized by monoclonal proteins secreted by clonal plasma cells and immunological homogeneity on electrophoresis. Plasma cell disorders consist of many pathological conditions, including monoclonal gammopathy of undetermined significance (MGUS), solitary plasmacytoma, multiple myeloma (MM), amyloidosis, Waldenström macroglobulinemia (WM), and POEMS syndrome. Among them, MGUS is the most common disease. According to the research from Mayo Clinic in 2012 [1] , 51% of patients diagnosed with monoclonal gammopathy were actually proved to be MGUS patients. MGUS was defined as monoclonal proteins in the serum < 30 g/L and clonal plasma cells in bone marrow < 10% without any myeloma-related symptoms [2] . The progression rate of MGUS to multiple myeloma is 1% per year [3, 4] .
In our hospital, serum protein electrophoresis (SPEP), the monoclonal-protein screening test, is routinely incorporated into liver biochemical and function tests. Hence, all patients having liver function examinations are indeed screened for monoclonal proteins simultaneously in our institute. With routine SPEP screening, we have the unique opportunity to observe the prevalence of monoclonal gammopathy in the largescale hospital population and to identify patients with MGUS. If the abnormal band is found via SPEP, physicians should perform the serum immunofixation electrophoresis (IFE) to confirm the existence, the concentration, and the type of monoclonal proteins [5] . To accomplish differential diagnosis, hematologists also suggest blood routine examinations, renal function tests, ionic concentrations, skeletal radiography, and bone marrow examination if necessary.
As a geriatric disease, the diagnosis of MGUS might be simultaneously established with coronary artery disease (CAD). In our daily clinical work, we found a surprising phenomenon that these patients seemed to experience worse outcomes than CAD patients without MGUS. The hypothesis was supported by the abnormal ratio of serum free light chain (FLC) in MGUS patients [6] . High FLC ratio was reported to correlate with severe cardiac involvements in patients suffering from amyloidosis [7] [8] [9] and secondary heart failure [10] . This may support the proposal in some degree. Besides, MGUS is also associated with high blood viscosity [11] , which may play a role in the nosogenesis of CAD [12] [13] [14] . Therefore, the objective of our research was to clarify the relationship between MGUS and CAD and whether MGUS is an independent prognostic indicator for CAD patients.
Methods
We enrolled all inpatients and outpatients (n = 6757) with positive SPEP from January 1, 2015 to December 31, 2017 at Fudan University affiliated to Zhongshan Hospital. The serum IFE was performed to confirm the presence of monoclonal gammopathy in these patients. Among these patients (n = 2046) with positive IFE, the diagnosis of MGUS was determined according to the diagnostic criteria. Only patients with unexplained anemia (the value of hemoglobulin was less than 10 g/dL or more than 2 g/dL under the inferior limit of normal scope) or renal insufficiency (serum creatinine was more than 177 μmol/L) [15] were required to have bone examination to exclude multiple myeloma or related disorders [16] . The complete monoclonal-protein-based MGUS screening protocol in our hospital was shown in Fig. 1 . Among these MGUS patients (n = 952), some (n = 87) also suffered from CAD confirmed by the coronary angiogram.
A random number function were used to select half a month (January 1, 2015, to January 15, 2015) from 3 years (2015-2017), and all CAD patients (n = 178) without MGUS were enrolled during this period at Zhongshan Hospital. The exclusion criteria were the absence of coronary angiogram, non-obstructive CAD patients, and coronary angiography showing less than 50% stenosis without a history of coronary revascularization.
These CAD patients were followed up via regular patient visits and telephone. The median follow-up period was 2.9 years until September 2018. The end point was the occurrence of myocardial infarction, stroke, coronary revascularization, and all-cause mortality, which was also called the major adverse cardiac events (MACE).
Clinical and biochemical information of these patients were collected, including age, gender, diagnosis, smoking status, history of CAD, stent numbers, ejection fraction, the type, and concentration of monoclonal protein; values of serum glucose, Hb1Ac, estimated glomerular filtration rate (eGFR), cardiac troponin T (cTNT), low-density lipoprotein (LDL), Creactive protein (CRP), N-terminal pro-brain natriuretic peptide (NT-proBNP), and coagulation function containing activated partial thromboplastin time (APTT), prothrombin time PaƟents with posiƟve SPEP n = 6757s
PaƟents with posiƟve IFE n = 2046s
PaƟents with non-Hodgkin lymphoma n = 263s
PaƟents with amyloidosis n = 66s
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PaƟents with MGUS n = 952
PaƟents with mulƟple myeloma n = 424s Fig. 1 Monoclonal-protein based MGUS screening protocol. MGUS refers to monoclonal gammopathy of undetermined significance; SPEP, serum protein electrophoresis; IFE, immunofixation electrophoresis (PT), and fibrinogen. Among them, numbers of stent were to evaluate the severity of CAD. Informed consent was obtained from all patients in Zhongshan Hospital. Fudan University affiliated Zhongshan Hospital Ethics Committee approved this study, and our research was conformed to the principles outlined in the Declaration of Helsinki. The consecutive variables were analyzed by Mann-Whitney U test or t-test. Categorical outcomes were compared through chi-square test. The multiple linear regression models were performed to investigate the impact of MGUS on NT-proBNP and cTNT, which were demonstrated as the most important markers in prognosis of CAD patients [17] [18] [19] [20] . The association between MGUS and outcomes was shown via Kaplan-Meier curves. Then, multivariate stepwise Cox regression was performed, and the model with lowest Akaike information criterion (AIC) was selected as the best to describe the outcomes of CAD patients. CRP was not included in the Cox model due to the large data missing. Next, the nomogram based on the Cox regression was constructed, and concordance index (C-index) was to evaluate its discrimination, with the value of 0.5 manifesting no discrimination and 1.0 manifesting perfect discrimination between two random patients [21] . Calibration curve was plotted to evaluate the accuracy of the nomogram by comparing the predicted and actual non-MACE probability.
All statistical tests were two-sided, and the analysis was made by SPSS 21 software (IBM Corp. Released 2012. Armonk, NY: IBM Corp.) and R software, Version 3.6.0 (R Core Team, R Foundation for Statistical Computing). P < 0.05 was regarded as statistical significance. Table 1 gave the baseline features and comparison of the clinical and biochemical characteristics between CAD patients with and without MGUS. Gender (P = 0.032) and age (P = 0.003) were demonstrated to be statistically significant, and there existed no difference of stent numbers between MGUS group and non-MGUS group, illustrating that the CAD severity of MGUS patients was similar with that of non-MGUS patients. Besides, 99 underwent coronary angiography among 952 MGUS patients, and 12 were confirmed without 50% stenosis and 87 with at least 50% stenosis. When it comes to 199 non-MGUS patients experiencing coronary angiography, 21 were confirmed without 50% stenosis and 178 with at least 50% stenosis. There existed no difference in the frequency of patients who underwent angiography but did not have significant stenosis between MGUS group and non-MGUS group (P = 0.165), also demonstrating that MGUS patients and non-MGUS patients had similar CAD severity.
Results
In our research, all 265 CAD patients (87 with MGUS and 178 without MGUS) were followed up with the median period of 2.9 years, and 60 MACE incidents were observed, including 4 cases of myocardial infarction, 42 cases of coronary revascularization, 12 cases of deaths, and 2 cases of stroke. The results indicated that the CAD patients with MGUS experienced a higher risk of MACE than those without MGUS (log-rank P = 0.0015) (Fig. 2) . The median follow-up time of non-MGUS group was 43 months, and the interquartile range of follow-up time for non-MGUS group was from 25 months to 44 months; the median follow-up time of MGUS group was 20 months, and the interquartile range of follow-up time for non-MGUS group was from 11 months to 34 months. Based on the prognosis models of CAD mentioned in other articles [1, 2, 12] , NT-proBNP and cTNT were considered as the most important factors. Our research interests lay on whether MGUS had an independent influence on the NT-proBNP and cTNT. Linear regression models were performed to investigate the impact of MGUS on NT-proBNP and cTNT, and the results were given in Table S1 , indicating that MGUS was statistically significant correlated with NT-proBNP (β = 0.152, P = 0.022) after eliminating the influence of other high-risk factors in CAD patients.
To quantify the effects of risk factors on the incidence of MACE and to clarify the independent influence of MGUS, the multivariate stepwise Cox regression model with the minimum AIC ( Table 2 ) was performed on the same sample as in Fig. 2 . Hazard ratios (HR) and p values were shown, indicating that MGUS (P = 0.002), stent numbers (P = 0.045), eGFR (P = 0.023), and fibrinogen (P = 0.049) were independently related to the outcomes of CAD patients. CAD patients with MGUS had significant higher probability of experiencing MACE (P = 0.002, HR = 2.308, 95%CI = [1.351, 3.943]) compared with those without MGUS even after eliminating the influence of other risk factors, including gender and age.
Then, the nomogram (Fig. 3 ) was generated to predict 1-, 2-, and 3-year non-MACE probability based on the statistically significant variables in the multivariate stepwise Cox regression model. First, we could match the score of each factor in the nomogram and added them together to get the total points. Then, drew the vertical line from the scale of total points to obtain 1-, 2-, and 3-year non-MACE probability. The C-index of the nomogram was 0.667 (95%CI, 0.592-0.742) indicating good discrimination of the nomogram. The calibration curve (Fig. 4 ) demonstrated that it was more accurate to predict non-MACE probability of 1-year than that of 2-and 3-year.
Discussion
To our knowledge, this is the first research to illustrate the role of MGUS in the prognosis of CAD patients. The first important finding was that CAD patients with MGUS had worse prognosis than those without MGUS. The second significant finding was that MGUS had an independent influence on the value of NT-proBNP (P = 0.022), which was confirmed to be one of the most important risk factors in the coronary artery disease [22] [23] [24] [25] [26] . Furthermore, MGUS still remained to be an independent predictive factor of MACE incidents in the stepwise Cox regression model, and the hazard ratio was 2.308 compared to those without MGUS after eliminating the influence of other risk factors. The influence of obesity could usually be explained by the presence of hypertension or diabetes; therefore, we did not incorporate body mass index into the independent variables. The nomogram described in results was considered as model 1 (Fig. 3) , and two known most important risk factors (cTNT and NT-proBNP) were added into model 1 to construct model 2 (Fig. S1 ). The C-index of model 2 was 0.672 (95%CI, 0.597-0.747), and the difference of Fig. 4 The calibration curve of MACE-free survival at 1, 2 and 3 years for CAD patients. Nomogram-predicted MACE-free probability is plotted on the x-axis; actual MACE-free probability is plotted on the y-axis C-index between model 1 and model 2 was not statistically significant (P = 0.165). It was more accurate to predict non-MACE probability of 2-and 3-year using model 2, and the predictive accuracy was similar in 1-year prediction (Fig. S2 ). The decision curve analysis of both model 1 and model 2 (Fig. S3 ) indicated that model 2 showed a better net benefit after 1-year and 2-year than model 1. However, net reclassification improvement (NRI) and integrated discrimination improvement (IDI) showed no significant difference between model 1 and model 2 ( Table S2 ). The NRIs for model 2 were negative supports that reclassification with the additional covariates in model 2 made performance worse and there was no need to include cTNT and NT-proBNP into our nomogram. It was assumed that abnormal free light chain and high blood viscosity might be two reasons why CAD patients with MGUS experienced worse prognosis. The serum free light chain (FLC) referred to the light chains (κ and λ) which were unbound to heavy chains in the serum [27] , and the normal range of FLC ratio (κ/λ) was 0.26-1.65. About one third of MGUS patients had abnormal ratio of FLC [6] , and serum FLC was confirmed to have an influence on patients suffering from heart failure secondary to CAD [28] . Another study reported that dilated cardiomyopathy patients with the decrease of FLC values had an improvement in the cardiac and clinical performance [29] . In our study, the FLC ratio of 17 patients was obtained, and 3 patients had abnormal FLC ratio. The MACE risk between these 3 patients with abnormal FLC and 14 patients with normal FLC was not significantly different (P = 0.37). Perhaps, we will be able to figure out whether there is correlation between FLC and worse prognosis of CAD patients when we get enough data in the future.
Furthermore, there was an increase in the blood viscosity in patients with MGUS compared with healthy population [11] . This phenomenon was explained by the contribution of monoclonal proteins [30] . The high concentration of monoclonal protein, especially IgM, provided a high probability of the hyperviscosity syndrome, which happened in 10-30% of WM patients and 2-6% of MM patients [31] . Besides, the high blood viscosity was shown to correlate with an increased risk and high mortality of CAD [12] [13] [14] and played a significant role in the nosogenesis of atherosclerosis. Increased viscosity led to the decreased flow velocity and reduced wall shear stress, which regulated the atherogenic gene expression and the response to intimal injury [32] . Therefore, high viscosity in MGUS patients might be another reason of worse prognosis.
Finally, MGUS becomes popular in China with the growth of aging population and improvement of detection methods. The prevalence in individuals older than 50 year old has increased to more than 4% [33] [34] [35] . In the meantime, CAD is also very common among the elderly, and based on our research, it is valuable and necessary to screen MGUS in CAD patients, and CAD patients with MGUS might need a more frequent follow-up, but it still needs further research. Funding Information This work was supported by the National Natural Science Foundation of China (81570123), the National Key New Drug Creation Special Programs (2017ZX09304-021), and Academic Pacesetters Program of Shanghai Healthcare System (2017BR033).
Compliance with Ethical Standards
Conflict of interest The authors declare that they have no conflict of interest.
Human Subjects/Informed Consent Statement All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation at Zhongshan Hospital Fudan University and with the Helsinki Declaration of 1975, as revised in 2000 (5) . Informed consent was obtained from all patients for being included in the study.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
